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Abstract Thirty same-sex twin pairs were identified in
which both members were assessed at baseline and one
twin subsequently developed dementia, at least 3 years
subsequent to the baseline measurement, while the partner
remained cognitively intact for at least three additional
years. Eighteen of the 30 cases were diagnosed with
Alzheimer’s disease. Baseline assessments, conducted
when twins’ average age was 70.6 (SD = 6.8), included a
mailed questionnaire and in-person testing. Which twin
would develop dementia was predicted by less favorable
lipid values (higher apoB, ratio of apoB to apoA1, and total
cholesterol), poorer grip strength, and—to a lesser extent—
higher emotionality on the EAS Temperament Scale. Given
the long preclinical period that characterizes Alzheimer’s
disease, these findings may suggest late life risk factors for
dementia, or may reflect changes that are part of preclinical
disease.
Keywords Twins  Dementia  Alzheimer’s disease 
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Introduction
Dementia is the diagnostic term for a group of disorders
entailing progressive decline in memory and other cogni-
tive abilities sufficient to interfere with daily, social, and
occupational functioning. Two main types of dementia are
Alzheimer’s disease (AD) and vascular dementia (VaD).
Alzheimer’s disease, which accounts for up to two-thirds of
all cases of dementia, is thought to result from a patho-
logical cascade initiated by deposition in the brain of a
protein called beta-amyloid (Hardy 2006). These deposits
are associated with oxidative injury, inflammatory activity,
and acetycholine deficits that lead to a loss of neurons and
account for the cognitive and behavioral dysfunction that is
observed clinically. For a summary of clinical and patho-
physiological features of Alzheimer’s disease, see Cummings
and Cole (2002). The onset of Alzheimer’s disease is
insidious, with a long preclinical period, and the course is
gradual. See Fig. 1.
Vascular dementia is characterized by cerebral infarcts
that are evident in neuroimaging. The onset of vascular
dementia may be more abrupt and the course more step-
wise compared to Alzheimer’s disease. Risk factors for
vascular dementia include midlife hypertension, diabetes
mellitus, and hyperlipidemia. Vascular risk factors have
been linked epidemiologically to AD, not only to vascular
dementia, and there is increasing evidence that infarction
and AD pathology combine additively to accelerate
symptoms of dementia (Chui et al. 2006).
The strongest risk factor for dementia is age. In North
America and Europe, 6–10% of those aged 65 and older are
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affected by dementia. The rate is low among those in their
sixties but then doubles every 5 years (Ferri et al. 2005). The
next strongest risk factor for dementia is genetics. However,
approximately only 2% of AD cases are caused by specific
genetic mutations, and 50% of AD cases do not carry the
apolipoprotein e4 polymorphism that is the most well-
established genetic risk factor for AD (Tanzi and Bertram
2005). Consequently, like other chronic diseases, the cause
of dementia almost certainly lies in a complex combination
of genetic influences and environmental exposures, and
these exposures likely accumulate over the entire lifespan.
Teasing apart these factors is a huge challenge, and one with
important implications for preventive intervention.
The interest in potentially modifiable risk factors for AD
was given impetus by the observation that level of educa-
tion was related to risk of AD, such that disease risk was
nearly double for those with low education (Katzman
1993). This observation led naturally to studying the effect
of other forms of intellectual stimulation such as leisure
activities as possible protective factors to lower rates of
dementia (Fabrigoule et al. 1995). Vascular risk factors
have also received increased attention as risk factors not
only for vascular dementia but also for Alzheimer’s
disease. Given the role of the apolipoprotein e4 as a genetic
risk factor, research has naturally examined lipid profiles
and subsequent Alzheimer’s disease (Kivipelto and
Solomon 2006). The idea that proneness to psychological
distress might serve as a risk factor for Alzheimer’s
disease, possibly through deleterious effects of stress on the
brain, has found support in studies such as Wilson et al.
(2002) who reported increased risk of AD onset among
those with higher baseline levels of depressive symptoms,
with up to 7 years of follow-up.
Study of Dementia in Swedish Twins
Soon after the Swedish Adoption/Twin Study of Aging
(SATSA) was launched (Pedersen et al. this issue), we
proposed adding an ancillary Study of Dementia in
Swedish Twins. The study became known as SALZA. A
twin study of dementia permits addressing the following
research questions: (a) what is the relative contribution of
genetic and environmental influences for Alzheimer’s
disease and other dementias; (b) what specific risk and
protective factors can be identified through comparing
demented twins to their non-demented twin partners,
thereby controlling for familial influences; (c) longitudi-
nally, what preclinical differences characterize the twin
who will develop dementia compared to their partner who
remains dementia-free; and (d) how do cognitively intact
partners of probands compare to cognitively intact partners
of non-demented twins. The rationale for using a twin
design to identify risk and protective factors has long been
argued, but the demands of implementing such studies has
been formidable, including the length of time required to
acquire an appropriate sample (see Breitner et al. 1993).
The SATSA data collection timeline is shown in Fig. 2.
Beginning in 1987, we telephoned all non-responders to the
first two mailed questionnaires, Q1 and Q2, and anyone who
had refused to participate in the first two in-person testing
sessions, IPT1 or IPT2, and asked whether the individual
was willing to take part in a brief telephone interview. If the
person was unable, we asked to speak with a relative. The
telephone interview included a mental status test focused on
memory abilities and a few questions about health and daily
activities (Gatz et al. 1995). Relatives were asked whether
the twin had difficulties in memory or thinking and whether
these difficulties led to problems in daily activities, to
moving into a different type of housing, or to visiting a
physician to evaluate the cognitive difficulties. For those
participating in the SATSA in-person testing, the mental
status examination that is part of the IPT protocol was used
Fig. 1 Change over time from healthy aging to Alzheimer’s disease
(AD). Some people’s course entails gradually moving to mild
cognitive impairment and then possibly making the transition to
AD. Other people continue on a course of healthy aging, showing
only normal age-related changes in cognition. Figure from National
Institute on Aging (2008, p. 29)
Fig. 2 Data collection timeline for SATSA. Dementia cases were
identified at each of these measurement occasions
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as the twin’s cognitive screening, in conjunction with the
nurse’s clinical impressions from the entire IPT session.
Anyone whose telephone interview or IPT results suggested
onset of cognitive problems sufficient to interfere with daily
activities was invited to participate in a complete in-person
clinical evaluation. The results of the clinical evaluation
were considered at a consensus diagnostic conference,
where a clinical diagnosis was assigned.
At each new wave of SATSA, i.e., Q3, IPT3, and Q4,
new non-responders were screened and those whose results
suggested cognitive problems were referred for a complete
clinical evaluation. When IPT4 was discontinued, the
telephone screening protocol was used to screen all members
of the SATSA IPT sample. Again, anyone whose results
suggested cognitive problems was referred for clinical
evaluation and diagnosis. After SATSA data collection
started up again, at both IPT5 and IPT6 additional cases of
dementia were identified, using similar procedures to
obtain a consensus clinical diagnosis.
By the end of IPT4, we had identified 75 twins with
dementia, half of whom were diagnosed with Alzheimer’s
disease. The probandwise concordance rate for Alzheimer’s
disease among monozygotic (MZ) pairs was 67%; the
corresponding figure for dizygotic pairs was 22%. Herita-
bility of liability to Alzheimer’s disease was estimated to
be 0.74; to any dementia, 0.43, with the other variance
attributable to environmental influences (Gatz et al. 1997).
Concordance rates do not incorporate information about
the time it takes for the unaffected partner to become
demented. Thus, for example if pairs were re-classified as
discordant when the difference in age at onset between the
first and second twin to develop dementia was 7 or more
years, then concordance for Alzheimer’s disease would
drop to 36% for MZ pairs (Posner et al. 1999). This
observation constitutes powerful evidence that there is a
role for non-genetic factors in determining risk of devel-
oping AD, with those non-genetic risk factors including
environmental exposures, epigenetic factors, and chance.
In many of our analyses of risk factors, we included
discordant pairs from both SALZA and OCTO-Twin
(Johansson this issue). We looked first at low education as
a risk factor, where we found that having low education
approximately doubled risk of Alzheimer’s disease.
Although the number of twin pairs who differed in amount
of formal education was small, it was still the case that
having a lower education than one’s twin partner was
associated with approximately doubling risk of Alzheimer’s
disease (Gatz et al. 2001).
Also with a combined SALZA and OCTO-Twin sample,
we looked at leisure activities in which twins engaged
before age 40, based on self-report data that were collected
by the Swedish Twin Registry in 1967. Those who engaged
in a greater number of different activities had a significantly
lower risk of Alzheimer’s disease more than 20 years later.
If considered separately, this finding held for women but not
men, and was most pronounced for activities that were
categorized as ‘‘intellectual-cultural’’ (Crowe et al. 2003).
Recently with a combined SALZA and OCTO-Twin
sample, we reported that higher body mass index (BMI)
measured in 1963 predicted both later AD and later VaD
(Hassing et al. 2009).
A strength of these analyses is that the risk factor was
assessed decades before dementia onset. Thus, it is unlikely
that the dementia caused differences in education, leisure
activities, or BMI. A limitation to these analyses is that they
were based on a cross-sectional assessment of dementia status.
Therefore, there could be biases based on differential survival.
Predicting incident dementia
There are now sufficient waves of SATSA data to accu-
mulate a sample of incident cases where the individuals
participated in at least one wave of SATSA in-person
testing, were cognitively intact at that time, and subse-
quently developed dementia. These cases are the focus of
the new results reported in this article.
We test three predictors of incident dementia—serum
lipid values, grip strength, and temperament—all measured
at the baseline SATSA assessment.
Two reviews of cholesterol and dementia suggest that
the evidence for a relationship between cholesterol and
incident dementia is ambiguous (Kivipelto and Solomon
2006; Purnell et al. 2009). Some reports find total choles-
terol or triglycerides, especially if measured at midlife, to
be significant risk factors for AD, while other studies find
no relationship, and at least one study finds high cholesterol
to be protective.
Mid-life grip strength is a good predictor of later functional
limitations and disability (Rantanen et al. 1999). For this
reason, we thought it might be a useful measure to include
among predictors of dementia onset. We found two prior
reports confirming decline in grip strength as a predictor of
incident AD (Buchman et al. 2007; Taaffe et al. 2009), while
Wang et al. (2006) found that poor grip strength predicted
progression from mild cognitive impairment to dementia.
Our third predictor was the emotionality scale from the
EAS Temperament Survey (Buss and Plomin 1984),
selected to identify those who perceived and approached
life as more stressful. Stress is associated with activation of
the hypothalamic–pituitary–adrenal (HPA) axis, releasing
glucocorticoid hormones. In turn glucocorticoids can cause
loss of neurons, particularly in the hippocampus, a key
brain structure for memory (Sapolsky 1996). Investigators
interested in psychological stress as a risk factor for
dementia have most often chosen to study depression,
although, as summarized by Jorm (2001), evidence with
770 Behav Genet (2010) 40:768–775
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respect to depression as a risk factor for dementia is
inconsistent. A measure of depressive symptoms was
unavailable prospectively, and we selected Emotionality as
the best indicator in the SATSA questionnaires of prone-
ness to experience life as stressful.
Our hypothesis was that those twins who subsequently
developed dementia scored less favorably at the baseline
assessment of these three predictors than their cognitively
intact twin partners. For purposes of comparison, we also
included in the incident cases analyses three measures
corresponding to findings from the prevalent case analy-




The SATSA sample includes 2845 individuals from same
sex twin pairs who were enrolled in the Swedish Twin
Registry in the 1960s and 1970s. Included in SATSA are all
pairs from the Swedish Twin Registry in which members of
the pair were separated before age 10, and an equal number
of pairs reared together matched on year of birth, sex, and
county of birth. Longitudinal study of the SATSA sample
continues (see Pedersen, this issue), with 861 individuals
participating in at least one in-person assessment and 2,211
with data from at least one questionnaire assessment.
A total of 1089 individuals from the SATSA sample have
been determined to meet criteria for dementia (n = 215) or
to be non-demented (n = 874) based on screening and
diagnostic procedures described above. Non-responders to
SATSA questionnaire or in-person data collection are over-
represented among the dementia cases; thus, these numbers
should not be used to form a prevalence rate. Of the 215
cases, 139 were prevalent, i.e., no SATSA assessment
occurred prior to dementia diagnosis, and 76 were incident,
i.e., there was at least one wave of SATSA data collection.
For purposes of the present analyses, from the incident
cases, we identified 22 discordant pairs where the case
developed dementia after participating in at least one wave
of SATSA, and the twin partner also participated in at least
one wave of SATSA and was alive and non-demented at the
next assessment after the proband’s age of onset. We also
identified 8 concordant pairs who at one point met that same
definition but the twin partner subsequently went on to
develop dementia more than 3 years later. This three-year
criterion to classify pairs as discordant follows the sugges-
tion of Breitner (Breitner et al. 1994). Demographic char-
acteristics of these 30 pairs are shown in Table 1. Clinical
diagnoses included: 18 Alzheimer’s disease, 4 vascular
dementia, 2 mixed AD and vascular, 2 dementia due to
secondary causes, and 4 with dementia type unspecified.
The other incident cases were not suitable for a dis-
cordant pairs analysis. Another 26 cases were members of
discordant pairs, but in 17 pairs the non-demented twin
died before the proband’s dementia onset and in 9 pairs the
non-demented twin was lost to follow-up for other reasons
before the proband’s dementia onset. There were 3 con-
cordant pairs where the difference in age of onset was less
than 3 years, and there were 6 concordant pairs where one
twin’s dementia was incident but the other twin’s dementia
was classified as prevalent.
Table 1 Demographic characteristics of pairs for discordant pairs analysis (N = 30 pairs)
Sex
Men N = 7 pairs
Women N = 23 pairs
Zygosity
Monozygotic N = 11 pairs
Dizygotic N = 18 pairs
Indeterminate N = 1 pair
Mean SD Minimum Maximum
Proband age 70.66 6.82 57 88
Partner age 70.63 6.87 57 88
Age of onset for dementia in proband 77.02 6.71 63 90
Difference in age of onset in concordant pairs 5.19 3.32 3 13
Difference between age of onset in proband and last
measurement in partner in discordant pairs
5.94 3.27 1.72 14.44
Notes: The proband is the demented twin in discordant pairs (N = 22) or the first twin to become demented in concordant pairs (N = 8). Partner
is the non-demented twin in discordant pairs or the second twin to become demented in concordant pairs. Age refers to the age at which the
predictor variable was assessed; for probands, this occurred during the preclinical phase
Behav Genet (2010) 40:768–775 771
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Measures
Lipid levels were determined from serum samples extrac-
ted from whole blood taken at SATSA in-person testing
sessions and frozen at -70C. Standard procedures were
used to establish lipid levels (Iliadou et al. 2001), including
serum triglycerides, total cholesterol, high density lipo-
protein (HDL) and apolipoproteins A1 and B (apoA1 and
apoB). All lipid values reported are in mmol/L units with
the exception of apoA1 and apoB which are reported in g/L
units. Prior to analyses, log-transformations were applied to
triglycerides, HDL, apoB, and the ratio of apoB to apoA1
values to reduce non-normality.
Grip strength was measured during SATSA in-person
testing using a dynamometer. Participants were seated and
used a table as support for the elbow. The maximum of six
scores (three from each hand) was selected (Finkel et al.
2003).
Emotionality was measured with four items: ‘‘often get
worried,’’ ‘‘often feel dissatisfied,’’ ‘‘worried by everyday
events,’’ and ‘‘am easily upset.’’ These items are from the
EAS Temperament Survey (Buss and Pomin 1984), which
measures Emotionality, Activity, and Sociability. Each
item is answered on a five-point likert scale indicating how
characteristic of him- or herself the respondent believes the
item to be, the responses are summed, and the total is
divided by four. The EAS was included on the mailed
SATSA questionnaire.
Education was measured as years of formal education.
Engagement in cultural activities was measured with five
items from the Moos Family Environment Scale (Moos and
Moos 1981) phrased to reflect current activities. The five
items encompassed discussing social and political issues,
attending lectures or theater, having intellectual discussions,
interest in culture, and interest in the arts. These questions
were included on the mailed SATSA questionnaire.
BMI was calculated from height and weight using the
formula WTKG/(HTCM/100)2, where WTKG is weight in
kilograms and HTCM is height in centimeters.
Analyses
The question of interest was whether the twins who sub-
sequently would develop dementia differed from their
partners on the predictor variables. To test the research
question, we carried out discordant pairs analyses, com-
paring scores for the preclinical twin and the partner, and
testing the significance of within-pair differences using a
matched t-test. 95% confidence intervals are provided, and
Cohen’s d was calculated as a measure of effect size. Pairs
were excluded from analysis if the onset of dementia was
less than 3 years after the predictor variable was measured.
This criterion reduced to 23 the number of pairs for pre-
dictors measured at in-person testing. However, the addi-
tion of this criterion did not substantially alter the results.
Follow up analyses controlled for sex and for the duration
between time of measurement of the predictor and age of
onset of dementia. As results were not changed, analyses
without covariates are presented here.
Results
Results are shown in Table 2. The preclinical twin had a
significantly less favorable cholesterol profile on apoB,
ratio of apoB to apoA1, and total cholesterol. Effect
sizes = 0.63, 0.64, and 0.50, respectively. Intra-pair dif-
ferences on HDL and apoA1 were not significant.
On grip strength, of 23 pairs, 22 were discordant for grip
strength at the in-person testing session, prior to age of onset
of dementia in the proband. On average, grip strength was
significantly higher in unaffected members (see Table 2).
Table 2 Results from discordant pairs analyses
Predictor variable N pairs Mean intrapair difference 95% confidence interval Matched t-test
Years of education 28 0.07 -0.66, 0.80 0.20, p = 0.5785
Engagement in cultural activities 20 0.50 -0.51, 1.51 1.00, p = 0.8351
BMI 29 0.29 -1.52, 2.11 0.33, p = 0.6281
HDL 20 -0.03 -0.12, 0.07 -0.62, p = 0.2713
ApoA1 23 -0.02 -0.09, 0.06 -0.46, p = 0.3250
ApoB 23 -0.09 -0.15, -0.03 -3.02, p = 0.0062
Ratio B/A1 23 -0.08 -0.13, -0.02 -3.05, p = 0.0059
Total cholesterol 23 -0.56 -1.04, -0.07 -2.40, p = 0.0253
Grip strength 23 3.35 0.60, 6.09 2.53, p = 0.0190
Emotionality 28 -0.36 -0.72, 0.006 -2.02, p = 0.0536
Notes: A positive difference indicates that the partner scored higher than the preclinical twin; while a negative difference indicates that the
preclinical twin scored higher than the partner. BMI body mass index, HDL high density lipoprotein, ApoA1 apolipoprotein A1, ApoB apoli-
poprotein B
772 Behav Genet (2010) 40:768–775
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Effect size = 0.53. In 8 pairs, the preclinical twin had
higher grip strength; in 14 pairs, the partner had higher grip
strength.
On EAS Temperament, of 28 pairs, 25 had discordant
scores on the baseline questionnaire. In 15 pairs, the pre-
clinical twin had higher emotionality; in 10 pairs, the
partner had higher emotionality. While at a p of 0.0536, the
significance of the matched t-test is marginal (see Table 2),
the effect size is 0.38.
Notably, in this incident discordant pairs design, neither
years of education, or engagement in cultural activities or
BMI measured at SATSA baseline significantly distin-
guished between the twin who was subsequently to develop
dementia and the unaffected partner (see Table 2).
Discussion
Taken together, our past findings plus new results from
SATSA twins in the Study of Dementia in Swedish Twins
begin to give a picture of how the etiology of dementia
might be understood. First, genetic risk plays a marked
role, particularly for Alzheimer’s disease. Second, non-
genetic or environmental factors are influential, possibly as
a trigger for the timing of dementia onset. Third, non-
genetic factors must be considered in relation to the life
course. In conjunction with Fig. 1, which illustrates cog-
nitive function over the life course, different influences on
cognition will be important at different ages along the
horizontal axis. Thus, as suggested by the results reported
here, there may be different sets of predictor variables for
prevalent as compared to incident cases.
Much prior research, including our own, has established
exposures during midlife that constitute risks for dementia,
while finding that the same exposures later in life may not
be significant risks or may even reverse direction. For
example, our own group (Hassing et al. 2009) and others
(e.g., Whitmer et al. 2005) have found overweight in
middle age to increase risk of dementia. On the other hand,
in the Religious Order Study, drop in BMI predicted inci-
dent dementia during an average of five and a half years of
follow-up (Buchman et al. 2005). Buchman and colleagues
reasoned that the loss of body mass may reflect preclinical
processes in which factors that contribute to development
of AD also lead to loss of body mass. A similar pattern of
results may pertain for blood pressure, where midlife
hypertension receives some support as a risk factor for
Alzheimer’s disease (e.g., Kivipelto et al. 2001), yet pre-
clinical cases have been found to have low blood pressure
6 years prior to dementia onset (Qiu et al. 2003).
In the Study of Dementia in Swedish Twins, among the
midlife risk factors for dementia are low education (Gatz
et al. 2001), low engagement in leisure activities—
especially intellectual and cultural activities (Crowe et al.
2003), and high BMI in midlife (Hassing et al. 2009). In the
present analyses, education, engagement in cultural activ-
ities, and BMI measured on average five and a half years
prior to dementia onset did not prove significant predictors
of incident dementia.
For incident cases, in the present analyses, predictors of
which twins would develop dementia included a more
unfavorable lipid profile, poorer grip strength, and higher
emotionality. For the lipid values and grip strength find-
ings, effect sizes were medium to large; for emotionality,
small. Some but not all lipid values proved predictive.
Neither HDL nor apoA1 were significantly protective;
however, apoB, the ratio of apoB to apoA1, and total
cholesterol were significant predictors of which twin would
become demented. This result is provocative in suggesting
that elevated ‘‘bad’’ cholesterol continues to be a risk factor
even late in life, although level of ‘‘good’’ cholesterol does
not appear to be important. Past evidence summarized by
Purnell et al. (2009) about the relationship between lipid
levels and incident dementia has been highly inconclusive;
thus, our results clearly bear replication and extension
before suggesting preventive interventions. Recently, our
group completed a more extensive analysis of lipids and
cognitive change (Reynolds et al. 2010). Although the
main focus was the relationship of lipid profiles to nor-
mative cognitive aging, the results included an analysis of
pairs discordant for incident dementia. Unlike the present
study, these analyses excluded pairs where one twin
developed dementia and the twin partner subsequently
developed dementia more than 3 years later. The findings
were similar for total cholesterol and apoB, although not
for the ratio of apoB to apoA1.
Consistent with Buchman et al. (2007), and Taaffe et al.
(2009), we found poor grip strength to be a significant
predictor of incident AD. Given the long preclinical period
that characterizes Alzheimer’s disease, for our incident
cases it is not possible to distinguish between true risk
factors and changes that are part of dementia onset.
Especially since Wang et al. (2006) found grip strength
particularly predictive of dementia among those with mild
cognitive impairment, it is possible that grip strength rep-
resents a marker during the preclinical course of dementia
rather than a change that occurs prior to the processes
associated with the development of dementia.
Emotionality predicted incident dementia, albeit at
p = 0.0536, with Cohen’s d = 0.38 and power = 0.336.
Similarly, Wilson et al. (2002) reported increased risk of
AD onset with higher levels of depressive symptoms.
Based on the fact that number of depressive symptoms did
not continue to increase across a four-year period before
the onset of Alzheimer’s disease, Wilson et al. (2008)
subsequently argued the depression was a true risk factor
Behav Genet (2010) 40:768–775 773
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and not an early manifestation of the dementia. At the same
time, it is also plausible that individuals who are beginning
to sense changes in their own cognitive function would
react with worry and distress. Thus, we would conclude
that it is ambiguous in our results whether emotionality
constitutes a true risk factor or represents an early marker
of the disease that is beginning to develop.
Limitations of these findings include the small number
of pairs. At the same time, the criteria for drawing the
matched pairs were rigorous, and we are confident that the
pairs qualify as discordant for dementia onset. The matched
twin design has the advantage of controlling for familial
influences. At the same time, since twins tend to be similar
on many of the risk factors, the design may actually over-
control for familiality. For these reasons, the findings are
provocative and suggest paths for further research on the
timing of risk factors and distinguishing risk factors from
preclinical changes. We continue to add discordant pairs as
SATSA twins are followed longitudinally. Larger samples
would permit, for example, looking at pairs by zygosity,
examining environmental factors that might modify genetic
influences, and looking separately at types of dementia.
Finally, these results underline the complexity in identi-
fying modifiable risk factors for dementia on which rec-
ommendations for health behavior can be based. In
particular, taken together with our previous reports, the
results imply that different interventions might be directed
toward midlife and toward late life.
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